The outermost proteinaceous layer of bacterial spores, called the coat, is critical for spore survival, germination, and, for pathogenic spores, disease. To identify novel spore coat proteins, we have carried out a preliminary proteomic analysis of Bacillus subtilis and Bacillus anthracis spores, using a combination of standard sodium dodecyl sulfate-polyacrylamide gel electrophoresis separation and improved two-dimensional electrophoretic separations, followed by matrix-assisted laser desorption ionization-time of flight and/or dual mass spectrometry. We identified 38 B. subtilis spore proteins, 12 of which are known coat proteins. We propose that, of the novel proteins, YtaA, YvdP, and YnzH are bona fide coat proteins, and we have renamed them CotI, CotQ, and CotU, respectively. In addition, we initiated a study of coat proteins in B. anthracis and identified 11 spore proteins, 6 of which are candidate coat or exosporium proteins. We also queried the unfinished B. anthracis genome for potential coat proteins. Our analysis suggests that the B. subtilis and B. anthracis coats have roughly similar numbers of proteins and that a core group of coat protein species is shared between these organisms, including the major morphogenetic proteins. Nonetheless, a significant number of coat proteins are probably unique to each species. These results should accelerate efforts to develop B. anthracis detection methods and understand the ecological role of the coat.
Bacteria build a variety of precisely positioned macromolecular structures. These include the divisome, which mediates cell division (43) ; the flagellum (2) ; and the type III secretory apparatus, critical for pathogenesis in many organisms (40, 42) . To understand how such structures are built and how they function, it is critical to identify their protein components. In this report, we seek to identify the proteins that make up the coat that encases spores of Bacillus subtilis and Bacillus anthracis.
Spores are produced by many species of bacilli and clostridia in response to severe external stress (71, 72) . These highly resilient dormant cell types are able to withstand extremes of temperature, radiation, chemical assault, time, and even the vacuum of outer space (58) . Upon the return of favorable environmental conditions, spores can readily convert to actively growing vegetative cells through a process known as germination (48, 64) . These abilities enable spores not only to survive in extreme conditions but, in some species, to cause significant disease. In the case of B. anthracis, contact between the host and the spore is essential for infection (17) . The most prominent structural feature common to all bacterial spores is a multilayered proteinaceous shell called the coat (19, 21, 31 ).
The coat is critical for resistance properties as well as germination. It provides mechanical integrity and excludes large toxic molecules while, at the same time, allowing small nutrient molecules to penetrate and interact with the germination receptors located toward the spore interior (49, 64) .
Thin-section electron microscopy of the B. subtilis spore reveals two major layers in the coat: a lightly staining lamellar inner layer and a darkly staining outer layer (4, 80) . The morphogenetic coat protein CotE directs the assembly of most, if not all, outer coat proteins and some of the inner coat proteins (23) . Additional morphogenetic proteins, such as SafA (YrbA) and SpoVID, further guide coat protein deposition (8, 62, 63, 77) . The B. anthracis coat is much thinner than that of B. subtilis, and its layered architecture is less striking, although inner and outer coat layers can still be discerned (20, 28, 30, 47, 66) . In many bacilli, including B. anthracis but not B. subtilis, the spore is encased by an additional structure known as the exosporium. The exosporium surrounds the entire spore, including the coat, from which it is structurally and biochemically distinct (45) . Notably, the exosporium is heavily glycosylated (26) , appears to be composed of relatively few protein species, and harbors at least one major glycoprotein (73) . Its function is unknown, although it appears not to have a major role in pathogenesis (73) .
Approximately 30 confirmed or putative B. subtilis coat proteins have been identified, but how they participate in spore survival and germination remains, for the most part, obscure (21) . A subset of coat proteins has significant, although poorly understood, roles in assembly. Importantly, deletion of any one of the large number of remaining coat proteins has little or no detectable effect on phenotype. As a result, the functions of most of the coat proteins are unknown, and furthermore, most roles of the coat cannot be ascribed to specific proteins. It is very likely that many coat functions are emergent properties of the interactions of multiple coat proteins (79) . Therefore, a detailed understanding of the coat's role may require knowledge of most or all of its components. Even though a large number of coat proteins have been found, it is clear that additional coat proteins remain undetected (19) . Identification of these proteins will require a comprehensive characterization of the coat at the molecular level, which has not yet been achieved.
Proteomics offers a powerful platform for the analysis of components of many macromolecular assemblies through separation of complex protein mixtures by two-dimensional (2D) electrophoresis and identification by mass spectrometry (MS) (see, for example, references 27 and 33). Several excellent proteomic studies of B. subtilis have been carried out. Notable among these are a recent alkaline 2D map and a comprehensive 2D map (12, 61) . These studies focused on the analysis of soluble proteins from vegetative cells. In contrast, analysis of spore proteins has been hindered by the requirement for solubilization of tightly associated coat proteins (4) . Recent advances in protein solubilization and separation made in our laboratories (51, 52, 65) , coupled with significant increases in MS sensitivity and the availability of genomic sequence data from several organisms, have made the identification of proteins from hard-to-dissect biological samples more realistic. Here, we take advantage of these technological improvements to identify spore proteins in B. subtilis and B. anthracis.
MATERIALS AND METHODS
General methods. B. subtilis (PY79) (81) or B. anthracis (Sterne strain, from Paul Jackson, Los Alamos National Laboratory) spores were prepared essentially identically by exhaustion in Difco sporulation medium (16) . The only difference was that, for the case of B. anthracis, initial growth was on LuriaBertani agar plates supplemented with 5 g of nutrient broth (Difco) per liter. Spores were washed three times in double-distilled H 2 O and then resuspended in double-distilled H 2 O. Resuspended spores were either used immediately or stored at 4°C for no longer than 3 weeks. For 1D gel electrophoresis of B. subtilis and B. anthracis spore extracts, we prepared protein samples as described previously (41) .
2D electrophoresis. 2D gel electrophoresis was performed as described previously (65) with the following modifications during the isoelectric focusing (IEF) step. Forty-five microliters of the boiled 2% sodium dodecyl sulfate (SDS) or 2% lithium dodecyl sulfate (LDS) solubilized suspension was mixed by sonication with 405 l of 1.1ϫ rehydration buffer (7.7 M urea, 2.2 M thiourea, 2.2 mM tributylphosphine, 0.55% [vol/vol] Biolytes 3 to 10 [Bio-Rad, Hercules, Calif.], and 44 mM Tris base) containing 2% benzoylamidopropyldimethylammoniopropanesulfonate (C8) and 1% Triton X-100 (TX-100) and allowed to incubate with constant mixing at 30°C. Samples were spun at 13,000 ϫ g to remove insoluble material. Immobilized pH gradients (IPGs) (18 cm; Amersham Pharmacia, Uppsala, Sweden) were rehydrated overnight in 450 l of solubilized spore suspension in rehydration buffer. IEF was carried out as described previously (65) with the addition of frequent filter paper wick changes during IEF.
MALDI-MS and MS/MS analysis.
Manually excised Coomassie blue protein spots from 1D gels were digested with 150 to 300 ng of modified porcine trypsin (Promega, Madison, Wis.) in 30 l of freshly prepared 100 mM ammonium bicarbonate at 37°C overnight as described previously (65) . Protein spots from 2D gels were manually excised from the gel with a 2-mm dermal punch and transferred to a 96-well plate. The spots were automatically digested with a Micromass MassPREP Station (Micromass Ltd., Manchester, United Kingdom). Briefly, the silver-stained gel pieces were destained with two washes of a 1:1 mixture of 30 mM potassium ferricyanide and 100 mM sodium thiosulfate followed by dehydration of the gel pieces with acetonitrile. Protein spots were reduced and alkylated with 10 mM dithiothreitol and 55 mM iodoacetamide, both buffered with 100 mM ammonium bicarbonate, followed by a wash with 100 mM ammonium bicarbonate and two dehydration cycles with acetonitrile. Protein digestion was performed with the addition of 25 l of 6-ng/l sequencinggrade modified trypsin solution in 100 mM ammonium bicarbonate (Promega) and incubation of the solution at 37°C for 4.5 h. The resulting peptides were extracted in an aqueous solution of 1% (vol/vol) formic acid-2% (vol/vol) acetonitrile. A 2.0-l quantity of extracted peptides and 1.6 l of ␣-cyano-4-hydroxycinnamic acid (10 mg/ml in 50% acetonitrile and 0.1% trifluoroacetic acid) were mixed in the dispensing tip and spotted onto a Micromass 96-well matrixassisted laser desorption ionization (MALDI) target plate.
Analysis with the PerSeptive Biosystems Voyager-DE-STR was performed as described previously (65) . The resulting peptide mass fingerprints were searched by using a local copy of the program MS-Fit (a component of the Protein Prospector package) against an internal database as described below. For peptide mass fingerprinting searches, MALDI spectra were analyzed with the Micromass MassLynx 3.5 software package. Spectra were manually recalibrated with the 2,211.104-Da and 842.509-Da trypsin autodigestion peptides, and the data were exported to text files. Monoisotopic peptide masses were obtained manually or by using an in-house virtual instrument created in the LabView graphical programming language (G. Rymar and P. Andrews, unpublished data). The resulting peptide mass fingerprints were searched by using a local copy of the program MS-Fit against an internal database. A mass accuracy of 75 ppm was used. A maximum of one missed enzymatic cleavage and modification of cysteines by carbamidomethylation plus possible modification by acrylamide were considered during the searches.
For MS/MS, 0.5 l of gel digest was spotted onto the target plate followed by 0.5 l of ␣-cyano-4-hydroxycinnamic acid (5 mg/ml in 50% acetonitrile-1% trifluoroacetic acid), and the spot was allowed to air dry at room temperature. MS/MS was performed on a Micromass MALDI-quadrupole time-of-flight (TOF) Ultima mass spectrometer. This instrument features an unattenuated nitrogen laser, operating at 337 nm and firing at 10 Hz, which is rastered over the sample spot (2.5-mm diameter) at 1 Hz. Ions are introduced into the instrument by a nitrogen flow (5 lb/in 2 ) that also serves to cool the ions. Ions are selected for MS/MS in the quadrupole, with the mass tolerance set to Ϯ5 Da. This window was closed to 2 Da if another peptide occurred within the 5-Da window of the peptide of interest. The selected ion was fragmented in the hexapole collision cell, with the argon gas pressure set to 25 lb/in 2 , and the collision energy varied from 50 to 150 V according to the mass of the parent ion. The parent and product ions are resolved in the TOF region, equipped with a Reflectron which produces monoisotopic resolution for ions from 100 to 4,000 Da, and detected by a microchannel plate detector set to 2,250 V. Parent ion masses were taken from the peptide mass fingerprint spectrum after internal calibration with trypsin autolysis peaks. Product ion masses were calibrated by instrument calibration only. Parent and product ion masses were submitted to Mascot Ions Search, searching the National Center for Biotechnology Information (NCBI) nonredundant database for all species, for protein identification. The parent ion tolerance was set to 100 ppm, and the product ion tolerance was set to 0.5 Da. Alternative modes of searching (no enzyme, specifying posttranslational modifications (PTMs), and searching additional databases) were performed as needed. An identification based on MS/MS on one peptide was considered adequate if the Mascot score was above the significance level, although in many cases we obtained additional confirmation by MS/MS on a second peptide or from a peptide mass fingerprint database search (Table 1) .
Creating a peptide mass fingerprint searchable B. anthracis database. The latest releases of the B. anthracis genome sequence were made available prior to publication by The Institute for Genomic Research (Rockville, Md.). Sequence data were in the form of several large contigs in FASTA format. Contigs were assembled into a single contiguous DNA sequence in FASTA format with a script written in the Perl programming language. Putative open reading frame (ORF) predictions were carried out with the interpolated Markov model gene prediction package GLIMMER (68) . Briefly, a trained model was created, with the program Build-icm, on a data set of sequences from closely related species available in the NCBI nonredundant database. Complete nucleotide sequences of known and predicted chromosomal ORFs from B. anthracis, Bacillus cereus, Bacillus thuringiensis, Bacillus halodurans, and B. subtilis were used to train the model. The program Glimmer2 was used to predict putative ORFs from the concatenated DNA sequence file based on the trained model. FASTA-formatted nucleotide sequences of predicted ORFs were obtained from the output of Glimmer2 by using an in-house Perl program. The resulting nucleotide sequences were used to retrain the model with Build-icm, and the gene prediction process was repeated with the newly trained model. The predicted ORF nucle-otide sequences were translated to amino acid sequences in reading frame 1 with the Transeq program from the EMBOSS suite of molecular biology applications (http://www.emboss.org/). Rapid preliminary annotation was carried out with scripts written in the Python programming language to submit each predicted sequence to BLAST (3), COGNITOR (78) 
RESULTS AND DISCUSSION
Analysis of B. subtilis spore proteins by 1D and 2D electrophoresis. While 1D analysis may not possess the separation power of 2D electrophoresis, it has several advantages over 2D analysis, including the ability to separate hydrophobic proteins such as those found in membranes, the ability to tolerate significantly higher protein loads, and the ability to resolve proteins linearly across the pH scale. Thus, in order to identify proteins difficult to resolve on 2D gels, we first identified proteins in the major bands visualized on Coomassie blue-stained 1D gels (Fig. 1) . B. subtilis spore samples were prepared for SDS-polyacrylamide gel electrophoresis (PAGE) analysis as described in Materials and Methods. From these studies, we identified 19 bands comprising 27 unique proteins (Table 1) . Not surprisingly, we identified a number of bona fide coat proteins such as CotA (18) (7), and YaaH (38) . We also identified YxeE, identified in spores previously and known to be a good coat protein candidate (76) . We identified eight spore proteins that are very unlikely to be in the coat (CoxA [YrbB] [74] , CspD [29, 69] , Hbs [46] , PhoA [34] , SleB [10, [53] [54] [55] , SspA [21] , SspE [21] , and YhcN [6] ). Most importantly, we identified the unknown hypothetical proteins YckK, YdhD, YjdH, YodI, YpeP, YpzA, YtaA, and YusA, which we regard as candidate coat proteins.
As anticipated, several Coomassie blue-staining bands on our 1D gels contained more than one protein (bands 3, 12, 13, 16, 18, and 20 [ Table 1 ]). Since one long-term goal is to examine how the proteomic profile changes in various coat gene mutant backgrounds and during the course of sporulation, it was critical to develop 2D separation of coat proteins such that the level of individual proteins could be monitored. We found that conventional solubilization techniques (60) and even aggressive solubilization techniques designed for separation of membrane proteins by 2D electrophoresis, involving strong chaotropes, amidosulfobetaine detergents, and strong reducing agents (14, 50, 65) , proved ineffective for solubilization of B. subtilis coat-enriched fractions. Large insoluble pellets remained after centrifugation of coat samples solubilized under these conditions (data not shown). Use of the ionic detergents SDS and LDS or chaotropes like guanidium-HCl resulted in much better solubilization. However, these reagents are incompatible with IEF at the concentrations used for solubilization. Several groups have suggested solubilization by these (25, 50) . We investigated the use of strong ionic detergent solubilization followed by dilution with large volumes of IEF-compatible reagents as a method for preparing first-dimension samples. Coat-enriched B. subtilis fractions were solubilized in a modified 1D loading buffer containing SDS or LDS. These samples were subsequently resolubilized in an excess of IEF-compatible reagents and subjected to 2D electrophoresis. Excellent separation was obtained when IEF was carried out for extended periods up to 120 kV ⅐ h, with frequent wick changes to remove unfocused material. The best results were seen when initial solubilization was carried out on very fresh samples with small volumes of SDS buffer, followed by dilution with standard rehydration buffer containing 2% C8 plus 1% TX-100 ( Fig. 2 and 3) . We identified 19 spots consisting of 14 unique proteins from pH 3 to 10 gels ( Fig. 2 and Table 2 ). Not surprisingly, we found a number of proteins also found in the 1D gels such as CotA, CotE, CotJC, and YaaH as well as coat proteins not found on the 1D gel (CotC and CotY). A protein unlikely to be a coat protein, CggR (24), was also identified. Finally, we identified YhbA, YirY, YisY, YnzH, YopQ, YvdP, and YwqH, which we regard as candidate coat proteins. B. subtilis coat proteins. About 30 coat proteins or coat protein candidates have been described elsewhere (21) . We found 12 of these known proteins and 17 additional coat proteins or coat protein candidates. Of these, we regard YtaA, YvdP, and YnzH as highly likely to be coat proteins, and we have renamed them CotI, CotQ, and CotU, respectively. We regard YtaA as a coat protein based on (i) significant similarity to CotS (BLAST score of 3E-25), as already noted in the B. subtilis genome sequence annotation, and (ii) its gene being adjacent to, and oriented away from, the operon harboring cotS. We had already identified YvdP in a separate study and showed that it is synthesized at a late time in sporulation and associated with the spore in a manner dependent on the coat morphogenetic protein CotE (41, 83; M. Otte and A. Driks, unpublished observations). Furthermore, its gene is adjacent to cotR and transcribed divergently from it. cotR (41) and cotQ could share upstream regulatory sequences. We regard YnzH   FIG. 1 . B. subtilis coat proteins resolved by 1D standard SDS-15% PAGE. The gel was stained with Coomassie blue G-250. The indicated bands were prepared for MALDI MS and MS/MS mapping as described in Materials and Methods. Protein identifications correspond to those described in Table 1. as a coat protein because it has also been shown to be synthesized late in sporulation and assembled in a CotE-dependent manner (Otte and Driks, unpublished). As was previously noted in the B. subtilis genome sequence annotation (http: //genolist.pasteur.fr/SubtiList/), the YnzH sequence is strikingly similar to that of CotC.
Of the 14 additional coat protein candidates, we predict that many will also be bona fide coat proteins. Of particular interest   FIG. 2 . Preliminary master gel of B. subtilis coat preparations and MALDI analysis. (A) pH 3 to 10 gel of B. subtilis coat preparations. Sample was solubilized in 10% LDS buffer. The solution was diluted in an excess of standard solubilization buffer containing 2% C8 and 1% TX-100 and resolved by IEF. The second dimension was carried out on an SDS-11% polyacrylamide gel and silver stained (56) . Spots identified by peptide mass fingerprinting are circled and numbered, and the identifications are presented in (35, 44) and the similarity of CotJC to peroxidase (70) . Oxidases can participate in a wide variety of biosynthetic activities. Potentially, they could play a role in FIG. 3 . Improved 2D separation. One hundred eighty microliters of a spore pellet was solubilized in 100 l of 1ϫ SDS buffer after being boiled for 10 min. Ninety microliters of this solution was added to 810 l of 1.1ϫ 2% C8-1% TX-100 in standard rehydration buffer and incubated at 30°C for 1 h before rehydration. Four hundred fifty microliters each of this solution was run on a pH 3 to 10 (A) and a pH 4 to 7 (B) IEF strip. Frequent changes of filter paper wicks during IEF and focusing up to 120 kV ⅐ h until the dye ran out completely at the acidic end greatly improved separation. The second dimension is as in Fig. 2 . coat protein cross-linking, as has been suggested previously (4, 19, 31) , in detoxification of environmental contaminants, or in symbiosis with other soil organisms (22) . The identification of these enzymes in the coat is consistent with the view that the coat plays active roles in spore protection and germination, rather than acting solely as a passive barrier (21, 23) . Whatever their roles, CotA (18), CotJC (70), and CotQ (Otte and Driks, unpublished) are dispensable for coat resistance and germination, as usually measured in the laboratory. We found 12 previously identified B. subtilis coat proteins (Tables 1 and 2 ). Several coat proteins are known to be present in a form smaller than the presumed translation product, including CotF, CotT, and SafA (5, 11, 15, 75) . Consistent with this and extending the list of processed coat proteins, we found that CotA, CotC, CotE, and CotF were present in multiple forms. The two forms of CotF are the known mature forms (15) . CotC was present in several spots of different mobilities and with a charge very different from its predicted pI of 8.6 (Fig. 2) , possibly the result of proteolysis or modification during coat assembly. Likewise, we found multiple forms of CotE. YjdH, YodI, and YirY are three additional proteins that may also be processed based on their migration ( Fig. 1 and 2 ). YirY is a particularly striking example. YirY is predicted to be a 129-kDa protein that migrates at ϳ50 kDa (Fig. 2) . We predict either that YirY is processed or that the original annotation that separated YirY into two distinct proteins (YirY and YirZ) is, in fact, correct. Finally, some proteins migrate slower than predicted, including CotA, CotB, CotG, and YpzA ( Fig. 1 and  2 ). These proteins may be modified or cross-linked to additional protein.
Deletions of most of the known coat proteins have minimal or undetectable phenotypes in standard laboratory assays, as already pointed out (21) . Given the complexity of coat composition and the likely enzymatic roles of some of the components, it seems reasonable to suppose that the coat has functions beyond those measured in the laboratory. These may include roles for coat-associated enzymes in coat protein crosslinking and degradation of environmental toxins, symbiosis with plants, and protection against competitor organisms. An additional important function of the coat is in germination. While this role has been appreciated for some time (4), it is only recently that its molecular basis has begun to become understood. For example, in addition to the discovery that the cortex-lytic enzyme CwlJ is in the coat (7), the Moir laboratory has shown that the gerP operon, likely encoding coat protein(s), participates in germination (9) . Specifically, that study indicates that the coat does more than merely act as a passive sieve through which germinants flow.
We note that less than half of the known coat proteins were found in our experiments. This is likely to be for several reasons. First, we have not exhausted our analysis of faint bands present on 1D gels (Fig. 1) or of focused spots on the 2D gels (Fig. 2) . As MS/MS technologies become more sensitive, we are certain that we will also identify these proteins. Second, the identification of any protein by MS relies on the ionization efficiency of the trypsin fragments and the sensitivity of the mass spectrometers. MALDI-MS mapping is sensitive but requires multiple peptides for identification. MS/MS identification with the quadrupole TOF requires fewer peptides but often a stronger ionization signal. Thus, low-abundance proteins or those with only a few detected peptides may be missed. Third, many of the coat proteins are basic and would not be resolved on the 2D gels used in this study. Although the theoretical separation on 3 to 10 IPGs should allow for separation of proteins up to pI 10, we rarely focus proteins with pIs greater than 8 with these IPGs (51, 65) . The development of separation procedures for alkaline coat proteins, similar to what has been achieved for membrane proteins (51), will be required to visualize these proteins. Fourth, small proteins (such as the 29-amino-acid SpoVM) will be absent from the 2D gels and are not amenable to MALDI-MS mapping, as the required number of peptides to identify the protein would not be available. Finally, some of the covalently cross-linked coat proteins may not have been solubilized in this study and would, therefore, be missed altogether. Despite these limitations, we have identified many of the known coat proteins and have uncovered 14 new coat candidates (Table 3 ). Our survey is clearly less than saturated, and it is likely that a significant number of novel coat protein species remain to be discovered. Future analysis by MS/MS coupled with the use of alkaline 2D gels (51) should readily lead to a proteome map of most, if not all, spore proteins. Such a proteomic map will be instrumental for biochemical characterization of coat assembly.
Analysis of B. anthracis spore proteins by 1D electrophoresis. In spite of its importance to spore survival, germination, and pathogenesis, the protein composition of the B. anthracis coat has received very little study. None of the coat proteins in this organism have been identified, nor has coat assembly been characterized, although one exosporium protein has been characterized (73) and some spore-associated proteins have been identified in the close relative B. cereus (13) . Comparison of the B. subtilis and B. anthracis genomes shows that coat proteins with key roles in morphogenesis are present in both organisms (Table 3) , and therefore, it is plausible that coat assembly follows largely the same program in the two species (20) . Interestingly, this same analysis suggested that there are important differences in the protein compositions of the coats of these organisms, possibly among the outer layers. Identification of novel coat proteins in B. anthracis not only will help in understanding coat assembly and function but could also be of significant value in development of vaccines and methods for decontamination, detection, and inhibition of germination.
Using standard 1D SDS-PAGE with 15% polyacrylamide gels, we identified 11 B. anthracis spore proteins (Fig. 4 and Table 4 ). We consider ORF1326 (similar to CotJC), NP_654287 (more distantly related to CotB and YwrJ), and NP_655129 (related to CotY and CotZ) to be coat proteins. NP_657011 encodes a protein that is 49% similar to amino acids 23 to 173 of the predicted 404-amino-acid B. subtilis protein YndF. NP_657011 also resembles GerBC and GerBA (27 and 31% identical, respectively). NP_654944 encodes an unknown protein closely related to a Clostridium protein and therefore is a good candidate for a coat or exosporium protein.
Finally, we consider NP_655132 to be a coat protein as the gene is flanked by genes whose products we predict will be coat proteins (NP_655129 and ORF1889, Table 3 ). In this preliminary study, we did not detect several expected B. anthracis coat proteins (based on analysis of the B. subtilis genome [ Table 3 ]), and therefore, we anticipate that a significant number of coat proteins have yet to be identified. Taken together, the SDS-
BACILLUS SUBTILIS SPORE COAT PROTEOME 1449 PAGE analysis (Fig. 4 and Table 4 ) and the genomic comparisons (Table 3) suggest that the numbers of coat proteins in B. subtilis and B. anthracis are similar, although we predict that spores from each organism will also contain species-specific proteins.
From our initial MALDI mapping of a 1D gel, we identified a homolog of CotJC and proteins related to CotB and CotZ. The CotZ-like protein has two electrophoretic variants (Fig.  2) , which may indicate processing or protein modification. In B. subtilis, CotB is on the spore surface (37), CotJC is likely to be in the inner coat (70) , and CotZ is part of a relatively insoluble portion of the coat (82) . Therefore, if these features hold true in B. anthracis, our approach succeeded in extracting proteins at different positions in the coat and included a protein that we predict will be relatively highly cross-linked. Interestingly, the B. anthracis CotB-like protein is predicted to be much smaller than the B. subtilis homolog (19 and 43 kDa, respectively), and therefore, these proteins may function differently in the two species. The smaller size is not likely due to misannotation, as the B. anthracis protein migrates at 21 kDa (Fig. 4) whereas, in B. subtilis, CotB migrates at 62 kDa (Fig.  1) . Among the novel proteins identified, we predict that some will be B. anthracis-specific coat proteins. Although we cannot yet confirm that any of these candidate proteins are in the coat, our general success at extracting bona fide coat proteins, coupled with the likelihood that some B. anthracis coat proteins are not present in B. subtilis (20) , suggests that at least some of these candidates are coat components. Nine of the novel proteins that we identified in B. subtilis have homologs in B. anthracis (Table 3) , and therefore, we regard them as candidate B. anthracis coat proteins as well. As for B. subtilis coat proteins (see above), we anticipate that additional coat proteins remain to be found.
The complexity of the coat suggests that it has important roles in adaptations to the diverse niches in which bacilli flourish and argues that much more sophisticated tests of coat   FIG. 4 . B. anthracis coat proteins resolved by 1D standard SDS-15% PAGE. The samples were solubilized with SDS, and the resulting gel was stained with Coomassie blue G-250. Proteins were identified by MALDI-TOF MS, and the identifications are presented in Table 4 . function are needed. Likewise, much deeper investigations of the ecology of sporeformers will be required if we are to understand the evolutionary pressures that resulted in a protective organelle with such diverse and powerful protective features. Given the likelihood that many properties of the coat are emergent phenomena (see introduction), ascribing coat functions to specific proteins will likely require deleting specific, as yet unknown, combinations of coat protein genes.
